This study aimed to: 1) describe the change in leisure-time physical activity (LTPA) during early-to-mid adolescence; 2) analyze the tracking of LTPA; 3) identify the predictors of LTPA change. 4,120 adolescents were from 11 to 15 years old. Outcome was self-reported LTPA (min/wk). Boys increased their LTPA level over the four years (mean: 75 min/wk; 95%CI: 49,100), whereas a decrease was observed among girls (mean: -42 min/wk; 95%CI: -57,-28). Likelihood to be active at 15 years of age was 50% higher (95%CI: 39-62) among those who were active at 11 years. The main predictor of LTPA change was the number of physical activities performed at baseline. Regular physical activity early in life can predict this behavior afterward.
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during this period; c) to identify the predictors, related to baseline PA, of its change throughout the follow-up.
Methods
A longitudinal prospective study was conducted among the 1993 Pelotas (Brazil) Birth Cohort Study participants. This cohort comprises all children born in Pelotas, a 340,000 inhabitants city in Southern Brazil, in the year 1993. Subsets of the 5,249 subjects enrolled in this cohort were followed at ages 1, 3, 6 and 12 months, 4, 6, 9 and 12 years. In 2004, when they were on average 11 years (mean = 11.3; SD = 0.3), all participants were searched for a new follow-up, and 4,452 (87.5%) of the original cohort was traced. In 2008, when they were 14/15 years (referred hereafter as 15 years; mean = 14.7; SD = 0.3), all individuals were sought again, and 4,325 were followed (85.2%). Detailed information about the cohort methodology and past follow-ups are published elsewhere (27, 28, 2) . The study protocol was approved by the Ethics Committee of the Federal University of Pelotas Medical School. All participants (adolescents and their mothers or guardians) signed a written informed consent.
Both data collection periods (in 2004 and 2008) lasted approximately eight months. The first one was carried out from July 2004 to March 2005; whereas the second was carried out from January to August 2008. The methodology employed in both surveys was basically the same. Data were collected by trained interviewers through face-to-face home interviews. One questionnaire was administered to mothers (or guardian) and another, with different questions, to the adolescent. For quality control purposes, 30% of the interviews were reapplied (10% in person and 20% by phone call), through a short questionnaire, by two study supervisors. All questionnaires were reviewed by the study supervisors, once they were completed.
The outcome of interest in this study was leisure-time physical activity (LTPA). This variable was self-reported and assessed by a questionnaire that included 13 physical activities (most common in Brazilian adolescents), with moderate-to-vigorous intensity. A very similar version of this instrument, with nine of the 13 physical activities inquired in the current study, has demonstrated fair reliability (rho = 0.62) and validity (kappa = 0.58) compared with pedometer measurements (3) . For each PA, the adolescent was queried if he or she had engaged in physical activities in the week before the interview (last seven days), and, if so, how many days per week (d/wk) and for how long (minutes per day-min/d). A similar version of the instrument was administered on both waves. The only difference was the replacement of two physical activities more common in the childhood (outside games) by activities that are more common in the midadolescence (walking for recreation and weight lifting). In addition, the interviewer asked if the adolescent engaged in physical activities that were not specifically included in the instrument. The questionnaire did not include assessment of participation in physical education classes, although other sort of organized activities performed in the school setting could be mentioned. A score in minutes per week (min/wk) was derived for each kind of LTPA, multiplying its duration (min/d) by its frequency (d/wk). Further, an overall score of LTPA in min/wk was generated by the sum of all single scores.
To investigate if PA patterns at 11 years could predict the LTPA change from 11 to 15 years, characteristics associated with leisure-time physical activities were examined, such as the type of PA performed (individual, team sports or both); the number of physical activities they were engaged in; engagement in any LTPA; and LTPA divided into quartiles. The participation in any organized sport (school, outside school or both); active commuting to or from school; and self-perception of own PA level in comparison with friends (more active, less active or the same) at 11 years were also assessed and analyzed as possible predictors of LTPA change.
The variables considered as possible confounders for the tracking and predictors analyses were socioeconomic level, sexual maturation, and seasonality. Socioeconomic level was evaluated by an assets index, generated from a principal component analyses of a series of domestic goods and characteristics of the residence (2). Sexual maturation was obtained through Tanner's pubertal stages (21) . And seasonality was appraised considering the season the interview was undertaken.
Statistical Analyses
The data were double entered by two data-entry clerks, and analyzed using Stata software version 10.0 (StataCorp, College Station, TX, USA). Descriptive analyses for each type of PA, as well as for overall LTPA measure, were done both for 11 and 15 years of age. These included the percentage of engagement in each PA, mean frequency (d/wk), median duration (min/wk) along with its interquartile range (percentile 25 and percentile 75), and the proportion of time spent on each LTPA among those who were engaged in any kind of LTPA. To compare if the proportion of time spent on each LTPA was different between both surveys, the Wilcoxon sign-ranked test was used.
Several approaches were used to perform the tracking analyses, considering the percentage of engagement in each LTPA; participation in individual activities and team activities; engagement in any LTPA and attainment of 300 min/wk LTPA threshold. This cut-off point was chosen based on the current recommendations regarding PA for school-aged children and adolescents (20, 25) . The analytical approaches consisted of agreement by Kappa coefficients, predictive negative and positive values (PNV and PPV, respectively) and the relative risk (RR) along with its 95% confidence interval (95%CI) to examine the agreement and the chance to practice a given activity at 15 years of age, conditioned to this practice at 11 years of age.
The analyses of the predictors of LTPA change (min/wk) from 11 to 15 years were conducted by multiple linear regression, including in the model the outcome (LTPA change), each examined predictor (PA characteristics at 11 years), with adjustment for baseline LTPA (min/wk) and follow-up duration (in months). This approach was considered to minimize the potential for regression-to-the-mean, as well as to take into account the time being followed, that could vary for each individual. Then, the adjusted mean change (min/wk) for each predictor was reported.
Spearman correlation coefficients (rho) were calculated to compare LTPA level (min/wk) at 11 and 15 years. To evaluate if there was a significant change in the LTPA level (min/wk), and in the number of leisure-time physical activities performed between 11 and 15 years, Wilcoxon sign-ranked test was administered. For LTPA score (min/wk), median and interquartile range (25th and 75th percentile) were preferred rather than mean and standard deviation (SD) due to its asymmetric distribution. However, the LTPA change presented a near-normal distribution, and means are reported along with its 95%CI. All analyses were stratified by gender, and the tests were two-sided with statistical significance level of 5% (p < .05).
Results
Overall, 4,120 adolescents provided complete information about LTPA for both waves, corresponding to 93% of those who were interviewed at baseline (2004). Of those, 51% were females, 66% were white, and the mean scholar level was 6.4 years (SD = 1.8). There was no difference in terms of baseline PA level (min/wk) between those who were interviewed in both waves and those who were not found in the last wave, in 2008 (n = 199; p = .98). The average follow-up duration was 3.4 years (SD = 0.2), ranging from 2.8 to 4.0 years.
For the entire sample, no significant difference in LTPA was detected: mean (SD) at 11 years = 341 min/wk (471); mean at 15 years = 356 min/wk (499); p = .73. However, when data were stratified by gender, the results were in opposite directions. Whereas boys increased their mean LTPA levels by 17% (from 436 min/wk at 11 years to 511 min/wk at 15 years; p < .001); girls decreased their mean LTPA level by 17% (from 249 min/wk to 207 min/wk; p < .001). The LTPA variability (interquartile range) decreased 35 min/wk in girls and increased 120 min/wk in boys. When we looked at those interviewed in the same season in both waves, the PA change was similar to that found for the overall sample. Nevertheless, boys who were interviewed in a season hotter than the baseline evaluation presented the higher increase. In the same way, girls who were interviewed in a season colder than the baseline evaluation presented the higher PA decline.
LTPA level (min/wk) at 11 and 15 years presented a weak correlation (rho = 0.22), that was similar among boys (rho = 0.16) and girls (rho = 0.14). Although among boys the prevalence of no LTPA remained the same (13%), the prevalence of those attaining the threshold of 300 min/wk increased from 48% at 11 years to 54% at 15 years. Among girls, the greatest difference was the increase in the prevalence of those engaged in no LTPA (from 24% at 11 years to 36% at 15 years).
When LTPA level was analyzed according to the 300 min/wk threshold, despite its similar prevalence at 11 and 15 years (37% versus 38%), a great shift of status in both genders can be seen in Figure 1 . Although 48% of the inactive boys at baseline became active in the follow-up, 40% who were active became inactive. Among girls, the prevalence of those who became active was lower (21%), but 72% who were active at baseline became inactive by the end of follow-up. In terms of continuity, the tracking of physical inactive status (PNV) was high in girls (79%) and moderate in boys (52%), whereas the tracking of physical active (PPV) was moderate in boys (60%) and low in girls (28%).
The description of engagement in each PA, as well as the mean frequency (d/ wk), median duration (min/wk) and percentage time spent on each activity among those who reported any LTPA are presented in Table 1 (boys) and Table 2 (girls). The most commonly reported LTPA among boys was soccer, in both surveys, and among girls was volleyball at 11 and walking at 15 years. Mean frequency was between 2 and 3 d/wk for most activities, and was similar in both waves. Median duration (min/wk) for each activity, in general, was higher at 15 years in comparison with the previous age. Nevertheless, the median number of leisure-time physical activities decreased significantly in both genders (p < .01). Among girls, the median number of leisure-time physical activities declined from two at 11 years to one at 15 years, and among boys the median remained the same, although the paired test had indicated a significant decline (p < .01).
The gender-stratified tracking analyses for each PA, as well as for their grouping in individual or team activities, and for LTPA (any and by the 300 min/wk threshold) are shown in Table 3 . Overall, the agreement of LTPA and its subcomponents at 11 and 15 years of age was weak (highest kappa = 0.21). The predictive negative value (PNV), i.e., the probability of not being engaged in a given activity at both waves, was high (> 80%) for most single activities, with exception of soccer (boys) and volleyball (girls). This means that the likelihood of becoming engaged in a given activity from 11 to 15 years was very low. On the other hand, the predictive positive value (PPV), that is, the likelihood to maintain engagement in a given activity during the follow-up, was low (< 30%) for all activities, except soccer among boys.
Regarding the type of activities, the PPV of team activities in boys was higher than the PPV of individual activities (80% versus 53%). Among girls, the PPV of individual activities was higher than the PPV of team activities (55% versus 38%). The risk analyses were significant for all activities, except for athletics in girls (Table 3 ). This suggests that the likelihood to be engaged in a given activity during the follow-up was higher among those who were already active at baseline, compared with those who were not. Although both were significant, the magnitude of RR for team activities was greater than the RR for individual activities, with no difference between boys and girls (Table 3) .
When PA was dichotomized according to the 300 min/wk threshold, active boys at 11 years were 25% (95%CI: 15, 25) more likely to be active at 15 years in comparison with those who were inactive at baseline. A similar pattern was observed among girls, with a 33% higher likelihood (95%CI: 13, 57). These results were independent of socioeconomic level and seasonality of interview (data not shown).
The results of analyses for predictors of LTPA change (min/wk) are presented in Table 4 . For the entire sample, only active commuting to school (yes/no) was not associated with LTPA change (p = .90). However, in the gender-stratified analyses, some differences were observed. The type of LTPA was not associated with LTPA change among boys, but was significantly associated with LTPA change among girls. Girls who were engaged in both individual and team activities did not decrease their LTPA level. No differences were observed between individual and team activities. The number of activities at 11 years had a direct and linear association with LTPA change. Baseline LTPA engagement was not a predictor of LTPA change in boys, but presented a direct association in girls. Participation in organized sport activities at 11 years did not predict LTPA change. Self-perceived PA presented a direct association among both genders (p < .01). Boys who perceived themselves as less active than their peers showed the lowest increase in LTPA level; while girls who perceived themselves as more active than their peers had the lowest decrease (Table 4) .
Discussion
To the best of our knowledge, this is the first study from a developing country to investigate the change and stability in PA among adolescents. In the current study, the median LTPA (min/wk) had, on average, a yearly decline of 5% in girls, but actually increased 5% in boys. A systematic review has shown that PA declines, on average, 7% per year (8) . The decline we found among girls is consistent with the literature, including those studies that employed the same (or equivalent) measure to assess PA, similar age groups and follow-up duration (1, 11, 15, 17, 26) . Only one study was found reporting an increase in the PA level among boys, although no differences were observed in girls (10) . It is important to mention that those changes in LTPA level in the current study were independent of sexual maturation stage (data not-shown).
Nevertheless, even with that increase on PA level in boys during the follow-up, the level of PA at the end of the study (8.5 hr/wk at 15 years) was lower than that reported by some studies (1, 11, 16) , but similar or higher than the level of other studies (7, 15, 17, 18, 26) . Among girls, with exception of one study (18) , all the other with similar PA measures reported a higher level of PA, either in the baseline or in the follow-up (1, 7, 11, 14, 17, 26) . We must also mention that the variability of PA among boys increased during follow-up, which could result in a polarization of the data.
In terms of PA prevalence, two studies using the criterion of 420 min/wk reported a decrease. In one, using self-reported measurement, the prevalence of PA declined from 83 to 59% in boys and from 66 to 58% in girls, from 13 to 15 years (26) . In the other study, with PA measured by accelerometer, PA prevalence declined from 96% at 11 years to 27% at 15 years (15) . If the same cut-off point were considered in the current study, prevalence of PA would remain stable from 11 to 15 years (28-30%, respectively) for the overall sample, but would increase in boys (37% at 11 years to 43% at 15 years) and slightly decrease in girls (from 19% to 16%).
Such as observed in another study encompassing adolescents from 13 to 16 years (1), the PA decline, particularly among girls, was a function of the decline in the number of physical activities, rather than its frequency or duration. This finding was confirmed in the current study when the change in LTPA was stratified by the difference in the number of physical activities during the follow-up (more, less or the same). Among those participants who maintained or increased the number of physical activities, a significant increase in their LTPA level in min/wk was detected. Moreover, as shown in Tables 1 and 2 , the weekly frequency (d/wk) was basically the same for all specific activities, and its duration (min/wk) was slightly higher at 15 years, among those who were engaged in any LTPA. This decline in the number of physical activities was also referred by another study that followed adolescents aged 15 years during three years (7), and found an average decrease in the median value from seven to three activities.
The tracking of LTPA presented low stability for continued participation in any type of PA (PPV), except outdoor soccer among boys. On the other hand, the probability of not being engaged in both waves (PNV) was high for almost all activities. Although the predictive value depends on the prevalence of estimate, these results are in agreement with those reported by a another study with adolescents from United States (1) . When the physical activities were grouped into individual or team activities, the results were also consistent between the above mentioned study (1) and this one. Individual activities had similar PPV and PNV values (around 60%) for both genders, whereas team activities presented higher PNV among boys (74%) and higher PPV among girls (54%), compared with 44% and 38%, respectively, in the current study.
Another study employed the same procedures to analyze the stability and shifts in the PA level (Figure 1 ), but according the cut-off point of 3 hr/wk (180 min/ wk; 18). Using the same threshold, while physical inactivity tracked less well in boys (41% in our study versus 60%), among girls it was basically the same (67% versus 62%), compared with that other study (18) . However, the tracking of PA in boys was similar (73% versus 75%), but lower in girls (45% versus 69%). Kappa coefficient was also lower in comparison with the previously mentioned study (0.13 versus 0.30; 18).
With regard to the predictors of LTPA change, the most important among those analyzed in Table 4 was the number of physical activities, with a strong direct association. Another important predictor was PA self-perception compared with peers, which could be treated as a proxy of the PA level. No difference in the LTPA change was found according the involvement in individual or sports activities at baseline, although the profile was more favorable among those engaged in both types of LTPA. Baseline LTPA seemed to be more related to the LTPA trajectory among girls than among boys, while the active commuting to school did not present any association with LTPA change. Engagement in organized sports has been previously considered a poor predictor of later PA in adolescents (29, 5) , although the results are inconsistent with previous researches (13, 22) .
Some methodological aspects of this study should be addressed. First, physical activity was self-reported. However, another study with adolescents found similar results in the PA decline comparing questionnaire and accelerometer measurements (12) . Second, physical education classes were not considered in the PA score. Nonetheless, another Brazilian study performed a simulation including physical education classes in the final score, and found that the prevalence of PA would have an increase of only 3.3 percentage points (3). Third, active commuting to school was collected but not included in the PA score due to its low intensity. Nonetheless, if it was considered, the results would remain very similar (data not shown). PA at work or commuting to work was not considered because few adolescents had been working in the time of data collection. Finally, PA levels could be affected by the different periods of each wave, because of potential seasonal effects. However, despite the different months the fieldwork was carried out, both took a part of the Winter in South Hemisphere and the entire Summer, seasons when PA level uses to present the largest variation (4).
In conclusion, conversely to what has been reported in the literature, in this longitudinal study of children and adolescents, PA increased over a four year followup period among boys. Consistent with other studies, PA among girls decreased from early-to-mid adolescence (11-15 years old). That decline was largely due to the total number of physical activities in which girls participated, which was the main predictor of its change. Thus a reasonable recommendation is that engagement in a variety of leisure-time physical activities needs to be encouraged from childhood, because evidence shows that inactive children/adolescents are less likely to become active during adolescence. In addition to that, it is important to highlight that earlier PA may predict this behavior later in life.
